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@ A wheel alignment system (18) measures align- 
ment angles of the wheels of an automotive vehicle. 
Vehicle ride height measurements are provided to 
the alignment system. Alignment angle specifications 
are retrieved for the automotive vehicle. The align- 
ment angle specifications are compensated based 
upon the vehicle elds height measurements and 
compensated alignment angles are determined. The 
compensated alignment angles are used to align the 
wheels of the automotive vehicle. 
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The present Invention relates to a automotive 
vehicle wheel alignment system. In particular, the 
Invention relates to compensation of alignment an- 
gle specifications based upon vehicle ride height. 

Proper alignment of the wheels of an auto- 
motive vehicle is important for proper handling of 
the vehicle and proper tire wear. In addition, proper 
alignment of the wheels will decrease fuel con- 
sumption as welt as Increase vehicle safety. The 
wheel alignment parameters which are measured 
and/or adjusted in order to achieve proper wheel 
alignment are camber, caster, steering axis inclina- 
tion (SA1) and toe. 

Camber angle Is the inclination of the wheel 
plane with respect to vertical. It is considered posi- 
tive when the wheel leans outward at the top. and 
is considered- negative when it leans inward. Any 
wheel of an automobile can have camber. 

Caster angle Is the angle in side elevation 
between the steering axis of a steerable wheel 
(typically one of the front wheels) with respect to 
vertical. It is considered positive when the steering 
axis Is inclined rearward (in the upward direction) 
and negative when the steering axis is inclined 
forward. 

Steering axis inclination (SAI) or king pin in- 
clination is the angle in the front elevation between 
the steering axis and vertical. 

The static toe angle of a wheel, at a specified 
wheel load or relative position of the wheel center 
with respect to the sprung mass, is the angle 
between a longitudinal axis of the vehicle and the 
line of intersection of the wheel plane and the road 
surface. The wheel is "toed-in" if the forward por- 
tion of the wheel is turned toward a central longitu- 
dinal axis of the vehicle, and "toed-out" if turned 
away. 

Vehicle alignment angle specifications are de- 
pendent upon ride height of the vehicle. Front and 
rear camber, front and rear toe, caster and steering 
axis inclination can vary based upon the ride height 
of the vehicle. Ride height is defined as the dis- 
tance between various points on the vehicle chas- 
sis and a plane which supports the wheels of the 
vehicle. This can also be measured between two 
points on the vehicle. To obtain proper vehicle 
alignment, a number of techniques are used to 
compensate for vehicle ride height In one tech- 
nique, the vehicle Is set to a specified condition. In 
a second technique, ride height is measured by an 
operator. The operator adjusts the alignment angles 
according to a specification table provided by the 
automobile manufacturer. 

Prior art techniques of alignment angle com- 
pensation based upon ride height are time-consum- 
ing and prone to inaccuracies. Thus, a technique of 
compensating for vehicle ride height that is less 
time-consuming and more accurate than prior art 



techniques is desired. 

The wheel alignment measurement system of 
the present invention measures alignment angles of 
the wheels of an automotive vehicle and com- 
6 pensates for vehicle ride height 

In the present invention, ride height values for 
the vehicle are provided to the wheel alignment 
measurement system. Alignment angles for the ve- 
hicle are determined using the wheel alignment 
to measurement system. The wheel alignment mea- 
surement system retrieves alignment specifications 
for the vehicle being tested. The alignment system 
changes the specified alignment angle based upon 
vehicle ride height to obtain compensated align- 
is ment angle specifications. Compensated alignment 
angle specifications are displayed relative to the 
measured alignment angles. An operator adjusts 
wheel alignment of the vehicle based upon the 
measured alignment angles and the compensated 
20 specified alignment angles. 

The invention Is described in detail in connec- 
tion with the drawings in which: 

Figure 1 shows head units mounted to wheels of 
an automotive vehicle. 
25 Figure 2 illustrates ride height measurement for 
an automotive vehicle. 

Figures 3A and 3B are a block diagram of a 
wheel alignment system in accordance with the 
present invention. 

30 Figure 4 Is a flow chart in accordance with the 
present invention. 
Figure 1 shows left front wheel 10L, right front 
wheel 10R, left rear wheel 121, and right rear wheel 
12R of the automotive vehicle. Front head unit 14L 

35 is mounted to left front wheel 10L. Right front head 
unit 14R is mounted on right front wheel 10R. Left 
rear head unit 16L is mounted to left rear wheel 
12L and right rear head unit 16R is mounted to 
right rear wheel I2R. 

40 Head units 14L, 14R, 16U and 16R provide 

angle measurements for wheels 10L, 10R, 12L, and 
12R of an automotive vehicle. Each head unit in- 
cludes radiation emitters and sensors which form 
angle sensors. Radiation paths are Indicated by 

4S dashed lines in Figure 1 . The radiation emitters and 
sensors are used to detect relative angles between 
adjacent pairs of head units. U.S. Patent No. 
4,594,789 entitled WHEEL ALIGNMENT SYSTEM 
by Marino et al describes such an alignment sys- 

so tern and is incorporated herein by reference. 

Figure 2 shows a side view of an automotive 
vehicle. In Figure 2, chassis heights HI. H2 and H3 
are shown. Heights H1, H2 and H3 are examples of 
chassis heights used to determine vehicle ride 

55 height Ride height of the vehicle can change cam- 
ber (front and rear), toe (front and rear), caster and 
steering axis inclination measurements. An operator 
typically measures heights H1, H2 and H3. In the 
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past, these heights were typically used by an oper- 
ator in conjunction with a table provided by the 
automobile manufacturer which gave alignment an- 
gle specifications for various height measurements. 

Figures 3A and 3B show a block diagram of a s 
wheel alignment system 18 in accordance with the 
present invention. Wheel alignment system 18 in- 
cludes front head units 14L and 14R and rear head 
units 16L and 16R. Left rear unit 14L Includes 
microprocessor 22U left front-to-back toe sensor to 
24L, left cross toe sensor 26L and left camber 
(front) sensor 28U Sensors 241, 26L and 28L are 
connected to microprocessor 22 L. Right front head 
unit 14R Includes microprocessor 22R, right front- 
to-back toe sensor 24R. right cross toe sensor 26 R ts 
and right camber (front) sensor 28R. Sensors 24R. 
26 R and 28R are connected to microprocessor 
22R. * 

Left rear head unit 16L includes microproces- 
sor 32L, left back-to-front toe sensor 34L and left 20 
camber (rear) sensor 36L. Sensors 34L and 36L 
are coupled to microprocessor 32 L Right rear 
head unit 16R includes microprocessor 32R r right 
back-to-front toe sensor 34R and right camber 
(rear) sensor 36R. Sensors 34R. 36R, and 38R are 25 
coupled to microprocessor 32 R. 

Wheel alignment system 1 8 includes main con- 
sole 40. Main console 40 houses computer 42, 
keyboard 44, ride height sensors 46, and display 
48. A storage device 50 is connected to computer 30 
42. 

Computer 42 receives commands and Input 
data from keyboard 44 and provides information 
and instructions to automotive service technicians 
through display 48. Ride height sensors 46 provide 35 
vehicle ride height measurements to computer 42. 
Sensors 48 can comprise any suitable distance 
sensors. Computer 42 also receives measurement 
data from microprocessors 22L, 22R. 32L, and 
32A. Sensors 24L-28L. 24R-28R, 34L-36U and 4o 
34R-36R provide digital output signals through an 
analog-to-digital converter (not shown). Micropro- 
cessors 22U 22R, 32L, and 32R receive sensor 
signals from their associated sensors and process 
those signals as needed before sending the signals 45 
to computer 42 for further analysis. 

Vehicle alignment angle specifications vary 
based upon vehicle ride height The present inven- 
tion provides an automotive vehicle wheel align- 
ment system that compensates alignment angle so 
specifications based upon ride height measure- 
ments. The relationship between ride height and 
alignment angle specifications can be expressed as 
an equation. This equation can be based upon 
specification tables for the vehicle provided by ss 
manufacturer. Once the relationship is known, the 
alignment system can calculate alignment angle 
specifications based upon ride measurements pro- 



vided by an operator. Since an equation is used to 
compensate for vehicle ride height, the present 
invention provides a continuous output for different 
input values. 

c^Valignoient t^^iSf^c^^riSBSS^i^ in ^^^opd^rx^ 
with the present invention. These steps are fol- 
lowed by computer 42 in alignment system 18. The 
process initiates at block 60 labeled START. At 
block 62, alignment system 18 obtains information 
which Identifies the vehicle being tested. This in- 
formation may be retrieved, for example, through 
keyboard 44 from an operator or from ride height 
sensors 42. Next, alignment specifications for the 
vehicle are retrieved at block 64 from storage 50 
shown in Figure 3 A. Control is passed to block 66 
at which point ride height measurement locations 
are displayed on display 4a These are, for exam- 
ple, the locations shown In Figure 2 and are re- 
trieved with the alignment specifications for the 
vehicle. This Information Is used by the operator to 
perform ride height measurements for the vehicle 
whose wheels are being aligned. 

At block 68 shown In Figure 4, alignment sys- 
tem 18 obtains ride height measurements. These 
measurements may be input through keyboard 44 
by the operator. At block 70, computer 42 cal- 
culates compensated alignment angle specifica- 
tions for the vehicle being tested based upon ride 
height measurements which were obtained at block 
68. This calculation is based upon formulas which 
were retrieved from storage 50 at block 64. These 
formula vary between vehicles and can be based 
upon a specification table provided by the manu- 
facturer for the vehicle. At block 72, alignment 
system 18 measures alignment angles of the ve- 
hicle being tested. At block 74, these angles are 
displayed. Additionally, at block 74 a relationship 
between the measured alignment angles and the 
compensated alignment .. angle, specfficator^ r^ara^, 

trie olspray, tte b 

the wheels of the vehicle under test to fall within a 
specified range. At block 78, control is returned to 
block 72 and the process is repeated until the 
wheels are in proper alignment. 

Although the present invention has been de- 
scribed with reference to preferred embodiments, 
workers skilled in the art will recognize that 
changes may be made in form and detail without 
departing from the spirit and scope of the Inven- 
tion. For example, look up tables, rather than equa- 
tions, can be used to determine the compensated 
alignment angle specifications. 
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Claims 

1. An automotive vehicle wheel alignment system 
for aligning wheels of an automotive vehicle, 
comprising: 

head units adapted for mounting on the 
wheels of the automotive vehicle, the head 
units including angle sensors; 

means tor receiving an Input identifying a 
make and model of the automotive vehicle; 

means for measuring alignment angles of 
the automotive vehicle based upon outputs 
from the angle sensors; 

means for retrieving alignment angle 
specifications for the automotive vehicle based 
upon the make and model of the automotive 
vehicle stored in the alignment system; 

means for obtaining ride height values for 
the automotive vehicle related to a distance 
between a chassis of the vehicle and a point 
beneath the chassis contained within a plane 
parallel to the chassis; 

means for compensating the alignment an- 
gle specifications based upon the ride height 
values and providing compensated alignment 
angle specifications; and 

display means for displaying a relationship 
between the measured alignment angles and 
the compensated alignment angle specifica- 
tions. 

2. The automotive vehicle wheel alignment sys- 
tem of claim 1 wherein the means for obtaining 
ride height values comprises a keyboard for 
receiving ride height values from an operator. 

3. The automotive vehicle wheel alignment sys- 
tem of claim 1 wherein the means for obtaining 
ride height values comprises a ride height sen- 
sor. 

4. The automotive vehicle wheel alignment sys- 
tem of claim 1 wherein the means for com- 
pensating includes means for calculating 
based upon a formula retrieved by the means 
for retrieving. 

6. The automotive vehicle wheel alignment sys- 
tem of claim 1 wherein the means for com- 
pensating includes means for calculating 
based upon look up tables retrieved by the 
means for retrieving. 



summents are obtained. 

7. A method for aligning wheels of an automotive 
vehicle using an automotive vehicle wheel 
5 alignment system, comprising: 

mounting head units on the wheels of the 
automotive vehicle; 

providing information relating to the make 
and model of the vehicle to the alignment 
w system; 

obtaining ride height values for the auto- 
motive vehicle; 

providing the ride height values to the 
automotive vehicle wheel alignment system; 
is retrieving alignment angle specifications 

for the automotive vehicle stored in the align- 
ment system; 

changing the alignment angle specifica- 
tions based upon the ride height measure- 
20 ments using the automotive vehicle wheel 

alignment system to obtain compensated 
alignment angles; 

measuring alignment angles of the auto- 
motive vehicle using the alignment system to 
25 obtain measured alignment angles; and 

adjusting alignment of the wheels of the 
vehicle based upon measured alignment an- 
gles and compensated alignment angles. 

30 & The method of claim 7 including displaying on 
display in the automotive vehicle wheel align- 
ment system locations on a chassis of the 
automotive vehicle for obtain ride height mea- 
surements. 

35 

9. The method of claim 7 wherein obtaining ride 
height values comprises measuring ride height 
values and inputing ride height values into the 
automotive vehicle wheel alignment system by 

40 an operator. 

10. The method of claim 7 wherein obtaining ride 
height values comprises measuring ride height 
values with a ride height sensor. 

45 



50 



6. The automotive vehicle wheel alignment sys- 
tem of claim 1 including ride height location 55 
display means for graphically displaying ride 
height locations on the chassis of the auto- 
motive vehicle from which ride height mea- 
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I OBTAIN VEHICLE IDENTIFICATION 
1 OBTAIN ALIGNMENT SPEC IFICATIONS ^ 
I DISPLAY RIOF HEIGHT ME ASUREMENT LOCATIONS! 
1 OBTAIN RIDE HEIGHT MEASUREMENTS! -^ 



♦ 

CALCULATE COMPENSATED ALIGNMENT ANGLE 
SPECIFICATIONS BASED UPON RIDE HEIGHT 
MEASUREMENTS ^ _ 



r A MEASURE VEHICLE ALIGNMENT ANGLES | 
niSPl AY ALIGNMENT ANGLES I 

L- l REPEAT"K ^y 
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